Materials and methods
General procedures: all synthetic procedures were carried out under an argon atmosphere using standard Schlenk techniques. All commercially available chemicals were used as received without further purification. Solvents used for synthesis were dried via the most suitable method, distilled and degassed. Column chromatography was performed open to air using solvents as received.
Electrochemistry:
Cyclic voltammetry was performed on 1 mM solution of analyte (unless otherwise stated) containing 0.1 M tetrabutylammonium hexafluorophosphate as supporting electrolyte. The voltammograms were recorded using a PG-STAT302N potentiostat at glassy carbon disk electrode (2 mm diameter). A platinum coil was used as auxiliary electrode and a leak free silver electrode (inner compartment 3 M KCl/Ag). All the voltammetric experiments, including those on modified electrodes were carried out with 95% compensation of the internal resistance (IR-compensation), directly implemented in the measurement through the software used (NOVA 1.11). Bulk electrolysis in organic solvents was carried out in a two-compartment cell using Duocel® reticulated vitreous carbon foam as working electrode (used as received from ERG Aerospace Corporation) and a leak free silver electrode (inner compartment 3 M KCl/Ag). The platinum auxiliary electrode was separated from the main solution by a P4 glass frit. Both compartments contained 0.2 M tetrabutylammonium hexafluorophosphate as supporting electrolyte. Bulk electrolysis in aqueous media was carried in the same two-compartment cell, but using 0.05 M NaHSO4 adjusted at pH 3.5 as electrolyte.
Hydrogen detection:
The bulk electrolysis setup was connected to an online gas chromatographer (Interscience CompactGC equipped with molecular sieve column and TCD detector, argon was used as carrier gas). The head space of the cell was sampled every 2 minutes. The integrals for hydrogen peaks were compared to a calibration curve obtained using the same setup and buffer volume.
Mass analysis: mass spectra for all compounds were collected on an AccuTOF GC v 4g, JMS-T100G-CV mass spectrometer (JEOL, Japan). X-ray: X-ray Crystal Structure Determination: X-ray intensities were measured on a Bruker D8 Quest Eco diffractometer equipped with a Triumph monochromator ( = 0.71073 Å) and a CMOS Photon 50 detector at a temperature of 150(2) K. Intensity data were integrated with the Bruker APEX2 software. [1] Absorption correction and scaling was performed with SADABS. [2] The structures were solved using intrinsic phasing with the program SHELXT. [1] Least-squares refinement was performed with SHELXL-2013 [3] against F 2 of all reflections. Non-hydrogen atoms were refined with anisotropic displacement parameters. The H atoms were placed at calculated positions using the instructions AFIX 13, AFIX 43 or AFIX 137 with isotropic displacement parameters having values 1.2 or 1.5 times Uequiv.of the attached C atoms.
Preparation of compounds
1,2-Bis(isopropylmercapto)benzene, 1 and 2,3-Bis(isopropylmercapto)benzoic acid, 2 were prepared according to a modified literature procedure. [4] 1,2-bis(isopropylmercapto)benzene, 1. To an oven-dried, argon-flushed roundbottom Schlenk flask equipped with a reflux condenser and a dropping funnel were added sodium (12.38 g, 0.538 mol, 1 equiv.) and 500 mL of dry diethyl ether. This suspension was cooled with an ice bath before isopropylthiol (55 mL, 0.592 mol, 1.1 equiv.) was added dropwise over the course of six hours, being careful to keep the reaction temperature below the diethyl ether boiling point. A white precipitate appeared over time. This suspension was stirred overnight, whereafter it was heated to reflux for two hours. After cooling the suspension to room temperature, most of the solvent was removed by cannula filtration and the white solid was dried under vacuum. The dried solid was cooled to -10 °C with an ice/salt bath and dry DMF (200 mL) was slowly added. The suspension was allowed to warm to room temperature before 1,2-Scheme S1. Synthesis route for the preparation of Fe2(mcbdt)(CO)6, 4, for the preparation of linker 6 and complexes 7 and 8. dichlorobenzene (15.2 mL, 0.134 mmol, 0.25 equiv.) was added by syringe. The mixture was stirred at 90 °C for 5 days, then cooled to room temperature, poured into water and extracted with ethyl acetate (3 × 100 mL). The organic phase was washed with water (2 × 100 mL) and brine (100 mL), dried over MgSO4 and the solvents removed under reduced pressure to afford a colorless liquid in quantitative yield (30.2 g). The product was used without further purification. 1 H NMR (CD2Cl2, ppm) δ 7.40-7.33 (m, 2H), 7.23-7.15 (m, 2H), 3.51 (hept, J = 6.7Hz, 2H), 1.34 (d, J = 6.7Hz, 12H).
2,3-bis(isopropylmercapto)benzoic acid, 2. An oven-dried, argon-flushed roundbottom Schlenk flask was charged with 1,2-bis(isopropylmercapto)benzene (1) (20 g, 88.34 mmol, 1 equiv.) and dry hexane (350 mL). The flask was cooled to 0 °C before TMEDA (13.2 mL, 88.34 mmol, 1 equiv.) and nBuLi (2.5 M solution in hexane, 35.33 mL, 88.34 mmol, 1 equiv.) were added dropwise over the course of one hour. The reaction mixture was then allowed to warm up to room temperature and stirred for two hours before being re-cooled to 0 °C and dry CO2, passed through a column containing concentrated sulfuric acid, was bubbled through the suspension for one hour. The hexane layer was extracted with water until the pH of the water phase was neutral (~800 mL). The hexane layer was discarded and concentrated HCl was added to the aqueous phase until a pH of 2 was reached. The mixture was extracted with diethyl ether (3 × 100 mL) which was then dried over MgSO4, filtered and the solvent removed under reduced pressure to afford a pale yellow liquid that crystallizes over time. The solid material was triturated in hexanes (100 mL), filtered and dried under vacuum (19,65 g, 82.3% yield). 1 H NMR (CD2Cl2, ppm) δ 11.89 (br s, 1H), 8.02 (dd, J = 7.6, 1.7Hz, 1H), 7.59 -7.50 (m, 2H), 3.56 (hept, J = 6.7 Hz, 2H), 1.42 (d, J = 6.7 Hz, 6H), 1.31 (d, J = 6.7 Hz, 6H).
Fe2(bdtCOOH)(CO)6, 4. 2,3-Bis(isopropylmercapto)benzoic acid (2) (4 g, 14.79 mmol, 1 equiv.) and naphthalene (4.73 g, 36.98 mmol, 2.5 equiv.) were added to an argon flushed round bottom Schlenk flask and dissolved in 400 mL of dry THF. Sodium (2.04 g, 88.65 mmol, 6 equiv.) was added against a constant stream of argon. The mixture was stirred overnight at room temperature. Then, 20 mL of degassed methanol were added dropwise over the course of 10 minutes. After stirring for further 10 minutes, the volatiles were removed under vacuum and the residue dissolved in degassed water. The aqueous phase was washed with toluene (3 × 30 mL) in anaerobic conditions, to remove naphthalene. To the aqueous phase, concentrated HCl was added, causing precipitation of an off-white compound that was extracted with ethyl acetate. The organic layer was dried in aerobic conditions over MgSO4 and the solvent removed under vacuum to afford 2,3-bis(mercapto)benzoic acid as a yellow solid that was used directly in the next step without further purification.
To the same flask containing 2,3-bis(mercapto)benzoic acid, Fe3(CO)12 (7.46 g, 14.80 mmol, 1 equiv) was added under a positive argon pressure together with 200 mL of dry toluene. The mixture was stirred overnight at 80 °C causing the color to change from dark green to dark red. The mixture was allowed to cool to room temperature and filtered over Celite to remove a black precipitate. The solvent was removed under vacuum and the residue was chromatographed over silica gel using gradient DCM:MeOH eluent. Product is obtained from the red band that elutes with 8:2 DCM:MeOH. After collecting the right fraction the solvent was removed under reduced pressure and the residue is dissolved again in DCM and washed 0.5 M HCl (3× 50 mL) and brine (50 mL). The organic phase is dried with MgSO4 and solvent removed under vacuum to afford 4 as red powder (2.68 g, 39.4% yield). Glass coated FTO cleaning procedure. Glass coated fluorine doped tin oxide electrodes were cut in 2.5 × 1 cm pieces, washed with ethanol and then died. Prior to use, the FTO slides were immersed in a 3:1 piranha acid solution for 10 minutes, rinsed with Milli-Q water, acetone then dried in an oven at 120 ° C for 30 minutes. . Expression to estimate the catalyst loading (Γ), wherein ip/ν represents the slope as seen in Figure S15 and Figure S 16 , A is the flat geometrical area of the electrode and n, F, R and T have their usual meaning. Figure S15 . Trumpet plot for 8 immobilized on flat FTO. This plot was used to determine heterogeneous electron transfer rate constant (k 0 ) through the graphical Laviron method. [6] The calculated value of k 0 was found to be in the order of 6 s -1 . This value is considered to be on the lower side of the fast regime indicating that direct electron transfer from the FTO electrode to the di-iron core, although possible due to the flexibility of the linker, which would allow the di-iron center to be in the proximity of the electrode surface, can be excluded. 
Crystallographic details

